The strategic use of supramolecular pK(a) shifts to enhance the bioavailability of drugs.
Macrocyclic hosts of the cyclodextrin, sulfonatocalixarene, and cucurbituril type can be employed as discrete supramolecular drug delivery systems, thereby complementing existing supramolecular drug formulation strategies based on polymers, hydrogels, liposomes, and related microheterogeneous systems. Cucurbiturils, in particular, stand out in that they do not only provide a hydrophobic cavity to encapsulate the drug in the form of a host-guest complex, but in that they possess cation-receptor properties, which favor the encapsulation of protonated drugs over their unprotonated forms, resulting in pronounced pK(a) shifts up to 5 units. These pK(a) shifts can be rationally exploited to activate prodrug molecules, to stabilize the active form of drug molecules, to enhance their solubility, and to increase their degree of ionization, factors which can jointly serve to enhance the bioavailability of drugs, particularly weakly basic ones. Additionally, macrocycles can serve to increase the chemical stability of drugs by protecting them against reactions with nucleophiles (e.g., thiols) and electrophiles, by increasing their photostability, and by causing a higher thermal stability in the solid state. Detailed examples of the different effects of macrocyclic encapsulation of drugs and the associated pK(a) shifts are provided and discussed. Other important considerations, namely a potential lowering of the bioactivity of drugs by macrocyclic complexation, interferences of the macrocycles with biocatalytic processes, the toxicity of the macrocyclic host molecules, and problems and opportunities related to a targeted release and the rate of release of the drug from the host-guest complexes are critically evaluated.